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[57] ABSTRACT 

The invention provides a light emitting device With a simple 
device structure capable of emitting light of various colors. 
The light emitting device can be produced by simple pro 
cessing steps: A mold is pressed conveX-and-concave 
against a glass substrate thereby forming a corresponding 
conveX-and-concave structure on the glass substrate; a 
dielectric layer and a positive electrode layer are succes 
sively formed on the glass substrate, thereby forming a 
positive electrode substrate; a negative electrode substrate 
provided With a negative electrode layer formed thereon, is 
prepared; an active layer material is coated on the negative 
electrode substrate; and the positive and negative electrode 
substrates are bonded to each other via a spacer. 

31 Claims, 4 Drawing Sheets 
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LIGHT EMITTING DEVICE HAVING 
CONVEX-AND-CONCAVE STRUCTURE ON 

SUBSTRATE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a light emitting device, an 
electric device provided With a light emitting device, and a 
method of producing the light emitting device. More 
speci?cally, the present invention relates to a light emitting 
device Which can be applied to a light emitting display array 
or the like, and particularly to an electroluminescent light 
emitting device formed of an organic material. The present 
invention also relates to a display apparatus provided With 
the above light emitting device and electric devices such as 
a sensor device, exposure apparatus, and lighting apparatus. 
Furthermore, the present invention also relates to a method 
of producing the light emitting device. 

2. Description of the Related Art 
Organic electroluminescence using an organic material 

has various advantages over an inorganic electrolumines 
cence. That is, organic electroluminescence devices can be 
realiZed in a ?exible form, and their luminescence Wave 
length can be selected from a Wide range. Furthermore, 
organic electroluminescence devices can easily be fabricated 
by means of a coating technique. Besides, large devices of 
this type can be easily produced at loW cost. Another 
advantage is that organic electroluminescence devices can 
be driven by a loW voltage. Consequently, there are intensive 
research and development activities on the organic electrolu 
minescence. 

Although electroluminescence devices have the advan 
tage that they can emit light of various colors, it is dif?cult 
to realiZe a single electroluminescence device Which can 
emit a plurality of colors. That is, it is required to form active 
layers into desired patterns using different materials corre 
sponding to desired colors by means of evaporation or 
coating. HoWever, very complicated production processing 
is required to form such a structure. Furthermore, it is 
dif?cult to realiZe a light emitting device in Which the color 
of the emitted light varies from one small area to another 
small area. 

It is also knoWn in the art to form a plurality of light 
emitting layers corresponding to a plurality of desired col 
ors. In this case, hoWever, a complex layer structure is 
required. In another knoWn technique, color ?lters are 
disposed on a single active layer Which emits monochrome 
light. In this case, hoWever, the color ?lters result in an 
increase in cost. Furthermore, light absorption by the color 
?lters causes a reduction in the brightness and also causes 
degradation in color purity. 

One knoWn technique proposed to solve the above prob 
lems is to partially change the thickness of a transparent 
electrode made of ITO (indium tin oxide) so as to modify the 
optical path depending on the change in the thickness, 
thereby changing the Wavelength of emitted light from one 
small area to another small area (The 41st Meeting of The 
Japanese Society of Applied Physics and Related Societies, 
28P-N-16, 1994). 

Although the above technique can provide means for 
partially changing the Wavelength of emitted light Within a 
single device, this technique has the disadvantage that the 
evaporation process has to be performed a plurality of times 
so as to control the thickness of the ITO layer. This causes 
an increase in complexity of the production process and also 
causes an increase in cost. 
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2 
Furthermore, a pattern registration error occurs during a 

plurality of masking processes, and nonuniformity occurs in 
the conductivity of the ITO layer. 

SUMMARY OF THE INVENTION 

In vieW of the above, it is an object of the present 
invention to provide a light emitting device having a sim 
pli?ed structure Which can be produced easily and Which can 
emit light Whose color varies Within a signal device. It is 
another object of the present invention to provide a simple 
and loW-cost production method for producing such a light 
emitting device. It is still another object of the present 
invention to provide a display apparatus provided With a 
light emitting device capable of emitting light Whose color 
varies Within a signal device. 

According to one aspect of the present invention, there is 
provided a light emitting device including at least: a ?rst 
substrate; a positive electrode layer formed on the ?rst 
substrate; a second substrate; a negative electrode layer 
formed on the second substrate; and an active layer formed 
betWeen the positive electrode layer and the negative elec 
trode layer. Light emitting regions are formed betWeen the 
positive and negative electrode layers in such a manner that 
the distance betWeen the positive and negative electrode 
layers varies from one light emitting region to another 
region. One feature of the light emitting device is that a resin 
layer is disposed either betWeen the ?rst substrate and the 
positive electrode layer or betWeen the second substrate and 
the negative electrode layer, so that the resin layer forms the 
light emitting regions in Which the above-described distance 
varies. 

According to another aspect of the present invention, 
there is provided an electric device including the light 
emitting device described above. 

According to still another aspect of the present invention, 
there is provided a method of producing such a light emitting 
device, said method comprising the folloWing steps: Aresin 
layer is formed on either the ?rst substrate or the second 
substrate, and a convex-and-concave structure is formed on 
the resin layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional vieW schematically illustrating 
an embodiment of a light emitting device according to the 
present invention; 

FIGS. 2(a)—2(e) are cross-sectional vieWs schematically 
illustrating an example of a sequence of processing steps for 
producing the light emitting device according to the present 
invention; 

FIGS. 3a—3b are a schematic diagram of a preferred 
embodiment of a projection type display apparatus using the 
light emitting device according to the present invention; 

FIGS. 4—6 are cross-sectional vieWs schematically illus 
trating various structures of the light emitting device accord 
ing to the present invention, Which can preferably be 
employed in a display apparatus; 

FIG. 7 is a perspective vieW schematically illustrating an 
embodiment of a light emitting device having stripe-shaped 
light-emitting portions for emitting various colors, accord 
ing to the present invention; and 

FIG. 8 is a schematic diagram illustrating an embodiment 
of a sensor device including a light emitting device With 
stripe-shaped light emitting regions and also including read 
ing means, according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a cross-sectional vieW illustrating a preferred 
embodiment of a light emitting device according to the 
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present invention. As shown, the light emitting device 
includes: a glass substrate 4 having convex-and-concave 
regions formed on its surface; a dielectric layer 5; a positive 
electrode layer 6; a glass substrate 9; a negative electrode 
layer 10; and an active layer 12. 

In the present invention, the positive electrode layer 6 is 
preferably made of an electrode material having a high Work 
function. More speci?cally, in the case Where the positive 
electrode 6 is opaque, preferable electrode materials include 
CuI, ITO, and SnO2. On the other hand, the negative 
electrode layer 10 is preferably made of an electrode mate 
rial having a loW Work function. Speci?c examples of 
preferable electrode materials for the negative electrode 
layer include Mg, Mg—Ag alloy, Na, Li, In, Al, and Au. In 
the present invention, the active layer 12 may consist of 
either a single layer or a plurality of layers. For example, the 
active layer 12 may have a hole injection layer into Which 
holes are injected from the positive electrode layer 6, and 
may also have an electron injection layer into Which elec 
trons are injected from the negative electrode layer 10. In 
this case, either the hole injection layer or the electron 
injection layer may serve as a light emitting layer. 
Furthermore, a second light emitting such as a phosphor 
layer including a phosphor may also be formed betWeen the 
hole injection layer and the electron injection layer. The 
active layer 12 may also be formed With a single layer 
including a mixture of various desired materials so that the 
single layer serves as a hole injection layer, an electron 
injection layer, and also a phosphor layer. diode. 

In the light emitting device according to the present 
invention, as shoWn in FIG. 1, a dielectric layer 5 is 
preferably disposed betWeen the positive electrode layer 6 
and the glass substrate 4. The dielectric layer can be formed 
to have a multilayer structure consisting of layers With 
different refractive indices such as a combination of SiO2 
and SiO so that the dielectric layer has high (or loW) 
re?ectance and/or transmittance at speci?c Wavelengths. Or 
simply, a half mirror may also be employed to achieve a 
desired re?ectance. 
An example of a production sequence of the light emitting 

device according to the present invention Will be describe 
beloW With reference to FIG. 2. 

a) Production of a convex-and-concave mold 1 (FIG. 
2(a)). First, a quartZ glass plate serving as a mold material 
is cleaned. A silane coupling agent is then coated on the 
surface of the quartZ glass plate, and a photoresist material 
is further coated thereon. The photoresist material may be 
either of a liquid type or a dry type formed into a sheet or 
?lm. When a dry ?lm photoresist is employed, it is bonded 
to the quartZ glass plate, as opposed to the liquid photoresist, 
Which can be deposited by means of coating. In the case 
Where a liquid photoresist is employed, it can be coated on 
by means of spraying, coating, or spinning. In particular, the 
spinning technique can provide good uniformity in thickness 
of the coated photoresist, Which is highly desirable in the 
present invention. On the other hand, a dry photoresist can 
preferably be bonded to the surface of the glass plate by 
means of applying pressure or by means of applying both 
pressure and heat. If required, pre-baking is performed after 
forming the photoresist layer. Then the photoresist is 
exposed to light and developed so as to form a desired 
pattern in the photoresist. Post-baking is the performed as 
required to improve resistance to etching process. The 
exposed areas of the glass plate is then etched to a desired 
depth. The amount (depth) of etching can be controlled by 
controlling the etching time. After the etching, the photore 
sist is removed. If desired, the etching depth is measured to 
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4 
check Whether the etching has been performed by the 
desired amount. The above processes including the applica 
tion of a photoresist, exposure, development, etching, and 
resist removal are repeated a plurality of times correspond 
ing to the desired number of levels of the multilevel pattern 
to be formed on the glass substrate. In this Way, a desired 
convex-and-concave structure is formed on the surface of 
the glass plate and thus a complete convex-and-concave 
mold is obtained. The 

Furthermore, the active layer may have a multilayer 
structure consisting of: a light emitting layer made of a 
tris(8-quinolinolato)aluminum complex; and a layer of a 
triphenylamine derivative. The above light emitting layer 
may also be made of a beryllium complex, Zinc complex, or 
the like. 

LoW-molecular-Weight pigment materials such as various 
triphenylamine derivatives may be used to form the hole 
injection light emitting layer, and various oxadiaZole deriva 
tives may be employed to form the electron injection light 
emitting layer. Furthermore, various materials including 
conjugated polymer materials such as polyphenylene 
vinylene (PPV), and charge transfer polymer materials such 
as polycarbonate With a principal chain of triphenylamine 
derivative or polyvinyl carbaZole may also be employed to 
form the active layer. 

Although the present invention is particularly useful When 
it is applied to an organic light emitting device, the present 
invention may also be applied to an inorganic light emitting 
device. Furthermore, the present invention may also be 
applied to intrinsic electroluminescence devices such as a 
dispersion electroluminescence device or a thin ?lm elec 
troluminescence device, and also to injection type electrolu 
minescence devices such as a light emitting method of 
producing the convex-and-concave mold is not limited to the 
above-described technique. Other techniques such as pat 
terning With a laser beam may also be employed to form a 
desired surface structure having convex and/or concave 
portions. 

b) Production of a convex-and-concave glass substrate 4 
(FIG. 2(b)). After performing silane coupling treatment as 
required, the surface of the glass substrate 2 is coated With 
an active energy radiation curing resin 3 such as an 
ultraviolet-curing resin. The various techniques described 
above in connection With the process of applying a photo 
resist material can also be employed for applying the resin 
3. The convex-and-concave mold produced in the previous 
process is pressed against the resin 3 disposed on the glass 
substrate 2 so that a corresponding convex-and-concave 
structure is formed on the resin 3. Subsequently, the resin 3 
is illuminated by an active energy radiation such as ultra 
violet light via the glass substrate 2 and/or the convex-and 
concave mold 4 so as to cure the resin 3. During the above 
pressing and/or curing process, the resin 3 may be heated as 
required. After curing the resin 3, the convex-and-concave 
mold 1 is removed. Thus, a convex-and-concave glass 
substrate 4 provided With a resin layer having a convex 
and-concave structure transferred from the convex-and 
concave structure of the mold 1 is obtained. 

c) A dielectric layer 5 is formed, as required, on the 
convex-and-concave glass substrate 4, and a positive elec 
trode layer 6 is formed thereon by means of, for example, 
evaporation. Thus, a positive electrode substrate 7 is 
obtained (FIG. 2(c)). 

d) An negative electrode layer 10 is formed on another 
glass substrate 9 by means of, for example, evaporation, and 
is then patterned so as to produce a negative electrode 
substrate 11 (FIG. 
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e) Active layer materials are then deposited on the posi 
tive electrode layer 6. The negative electrode substrate 11 is 
placed on the positive electrode substrate 7 in such a manner 
that the negative electrode layer 10 comes in contact With the 
active layer. The negative electrode substrate 11 and the 
positive electrode substrate 7 are pressed against each other 
so that they are ?xed to each other. In the above connection 
process, if required, a spacer 13 may be disposed betWeen 
the negative electrode substrate 11 and the positive electrode 
substrate 7. Thus, a complete light emitting device according 
to the present invention is obtained (FIG. 2(e)). 

In the present invention, as described above, the distance 
betWeen the positive and negative electrode layers is con 
trolled so as to construct an optical resonator cavity Which 
can amplify and emit light With a speci?c Wavelength. 

The above-described technique of producing the convex 
and-concave glass substrate 1 using the convex-and-concave 
mold 1 made of quartZ glass can provide high productivity 
in mass production at loW cost. HoWever, if desired, the 
convex-and-concave mold 1 itself may also be employed as 
the convex-and-concave glass substrate. 
An alternative technique for forming a multilevel convex 

and-concave structure is to expose the ultraviolet-curing 
resin to ultraviolet light a plurality of times so that the 
variation in the curing degree produces a convex-and 
concave structure having a desired depth. Instead of the 
ultraviolet-curing resin, a thermoset resin may also be 
employed. In this case, the coated thermoset resin is heated 
so that a desired convex-and-concave structure is obtained. 

In the technique described above, tWo substrates are 
bonded to each other. HoWever, the above structure may also 
be formed by depositing electrode layers and active layer on 
a single substrate. In this case, an active layer material is 
coated a plurality of times (for example, tWice) on a sub 
strate so that its thickness varies across the substrate, or 
otherWise an active layer material is coated so that its 
viscosity varies across the substrate, thereby achieving the 
variation in the distance betWeen the tWo electrode layers. 

In the above structure, if the distance d betWeen the 
positive and negative electrode layers is set to satisfy the 
condition expressed by the folloWing equation: 

Where n is the effective refractive index of the active layer, 
and )t is the Wavelength of emitted light, then light is emitted 
in a direction perpendicular to the substrate Wherein the 
Wavelength of the light varies depending on the variation in 
the distance d. The above distance d determining the Wave 
length 9» may be given by either the thickness of the active 
layer or the sum of the thickness of the active layer and the 
thickness of the phosphor layer. Although a small part of 
light can travel in an oblique direction toWard a different 
Wavelength region, such oblique light is Weak compared to 
that emitted in the vertical direction, and thus it does not lead 
to a signi?cant problem in practical applications. If desired, 
on the other hand, the device can also be adapted to emit a 
signi?cantly large amount of oblique light by adjusting the 
optical path in such a manner as to suppress the light 
emission in the vertical direction. 

SPECIFIC EMBODIMENTS 

Embodiment 1 

A light emitting device of the type shoWn FIG. 1 Was 
produced according to the processing steps shoWn in FIGS. 
2(a)—(e). 
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First, a convex-and-concave mold 1 Was produced by 

forming a convex-and-concave structure on quartZ glass by 
means of dry etching technique as Will be described in 
greater detail beloW. That is, after cleaning the quartZ glass 
plate, a silane coupling agent Was coated on one surface of 
the cleaned quartZ glass plate so as to perform a silane 
coupling treatment on the surface. Aphoto-curing photore 
sist material Was spin-coated on the surface Which had been 
subjected to the silane coupling treatment, and the photore 
sist material Was pre-baked. After the pre-baking, the pho 
toresist Was selectively exposed to light so that only those 
areas at Which protruded portions Was to be formed Were 
exposed to the light (exposure process). After the exposure, 
the photoresist Was developed to form a desired pattern in 
the photoresist. The resultant photoresist Was post-baked so 
as to improve resistance to the folloWing etching process. 
The surface of the quartZ glass plate Was etched in a plasma 
gas ambient including halogen atoms. After completion of 
the etching, the photoresist Was removed, and the amount of 
etching Was measured. In this speci?c example, a one-level 
convex-and-concave structure Was formed by the above 
process. An ultraviolet-curing resin 3 Was coated on the 
surface of the glass substrate 2. The convex-and-concave 
mold 1 Was then pressed against the ultraviolet-curing resin 
3, and the ultraviolet-curing resin 3 Was exposed to an 
ultraviolet light so as to cure the resin 3, thereby producing 
a convex-and-concave glass substrate 4. More speci?cally, 
the ultraviolet-curing resin 3 Was spin-coated on the surface 
of the glass substrate 2 Which had been cleaned. The 
convex-and-concave mold 1 Was pressed against the glass 
substrate 2 so that the convex-and-concave surface came in 
contact With the ultraviolet-curing resin. The ultraviolet 
curing resin Was then cured to a suf?cient degree by illu 
minating the convex-and-concave side by ultraviolet (UV) 
light. Then, the convex-and-concave mold 1 Was removed 
and thus the convex-and-concave glass substrate 4 Was 
obtained. 

TiO2 and SiO2 Were evaporated successively on the 
convex-and-concave glass substrate 4, thereby forming a 
dielectric layer 5. Subsequently, ITO Was evaporated 
thereon so as to form a positive electrode layer 6. Thus, a 
positive electrode substrate 7 Was obtained. 

Another glass substrate 9 Was cleaned and dried. Indium 
Was then evaporated on one surface of the glass substrate 9 
so that the evaporated surface could re?ect all incident light 
of Wavelengths relevant to operation of the device. The 
indium Was patterned so as to form a negative electrode 
layer 10. Thus, a negative electrode substrate 11 Was 
obtained. 
An active layer 12 capable of emitting light of tWo 

different colors Was then formed on the convex-and-concave 
surface of the positive electrode substrate 7 by spin-coating 
THF (tetrahydrofuran) solution containing poly(N 
vinylcarbaZole) mixed With dispersed tetraphenylpentadiene 
(blue, PL=460 nm) and N,N-dimethoxyphenyl-N 
(naphthostyryl)amine (blue, PL=435 nm), With the coated 
?lm levelled so as to obtain a ?at surface. 

The positive electrode substrate 7 and the negative elec 
trode substrate 11 Were pressed against each other so as to 
obtain a light emitting device in Which an optical cavity Was 
formed betWeen the positive electrode layer 6 and the 
negative electrode layer 10. In this speci?c embodiment, the 
distance betWeen the positive and negative electrode layers 
Was adjusted to be equal to (3/4))». The distance betWeen the 
bottom and top of the convex-and-concave structure Was set 
to 30 nm. 

When a voltage of 10 V Was applied betWeen the positive 
and negative electrode layers of the obtained light emitting 
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device, the device successfully operated and emitted blue 
(460 nm) and green (530 nm) light corresponding to the 
convex-and-concave structure of the convex-and-concave 
glass substrate 4. 

Although the convex-and-concave structure Was formed 
on the positive electrode substrate in the speci?c embodi 
ment described above, the convex-and-concave structure 
may also be formed on the negative electrode substrate to 
achieve a similar function. 

Furthermore, although a mixture of tWo different materi 
als Was used to form the active layer in the above speci?c 
example, the active layer may also be formed of a material 
exhibiting a broader emission Wavelength band (for 
example, tris(8-quinolinolato)aluminium). Or otherWise, the 
active layer may also be formed in such a manner as to have 
a multilayer structure. 

Embodiment 2 

Using similar processes to those employed in Embodi 
ment 1, a three-level convex-and-concave structure Was 
formed on a substrate so as to obtain a light emitting device 
substrate capable of emitting three RGB colors. An optical 
system consisting of a condenser lens 34 Was combined With 
the above light emitting device substrate so as to produce a 
projection type display apparatus, Which is schematically 
shoWn in FIG. 3. In FIG. 3, reference numeral 31 denotes the 
light emitting device including the light emitting portion 32 
and the driver portion 33. 

In this display apparatus, the light emitted by the light 
emitting portion 32 illuminates via the condenser lens 34 a 
screen 35 serving as a display member so as to display an 
image corresponding to an image pattern formed on the light 
emitting device 31. In this light emitting device 31, since 
three RGB colors are created by means of the convex-and 
concave structure as shoWn in the insert 36, it is possible to 
form a color image Without having to use color ?lters. The 
image can be displayed by properly turning on and off liquid 
crystal shutters 37 (represented by broken lines in FIG. 3) 
disposed on the condenser-lens side of the light emitting 
device substrate 31 so as to control the transmission of light 
through the liquid crystal shutters 37 corresponding to pixels 
serving as R-, G-, and B-light emitting regions. An alterna 
tive technique to display an image is to employ a structure 
in Which both positive and negative electrode layers are 
formed into stripe shapes Which cross each other. With this 
arrangement, it is possible to select desired pixels and emit 
light from the selected pixels. 

Embodiment 3 

In the light emitting device according to the present 
invention, since an optical resonant cavity is formed With a 
pair of electrodes, it is possible to emit light With various 
Wavelengths depending on the distance betWeen the tWo 
electrodes. HoWever, in this structure, light is emitted to the 
outside in a direction perpendicular to the electrode layers, 
and thus the light is dif?cult to be seen from an oblique 
direction. This can produce a problem of a rather narroW 
angle of vieW. 

In this speci?c embodiment, the above problem is avoided 
by employing a structure in Which the materials for the 
positive and negative electrode layers of the structure 
employed in Example 1 are replaced by each other (so that 
the negative electrode layer is transparent to light and thus 
light is emitted to the outside from the side of the substrate 
9), and in Which ions are implanted into the substrate 9 so 
as to produce a refractivity distribution thereby producing 
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8 
micro-lenses 41 Within the substrate. FIG. 4 is a cross 
sectional vieW illustrating the structure of the light emitting 
device according to the present embodiment. In this 
embodiment, a parallel light ray emitted via the negative 
electrode layer 10 is diverged by the micro-lenses 41, 
thereby ensuring that the light can be easily seen even from 
oblique directions. 
An alternative technique of forming micro-lenses is to 

coat an ultraviolet-curing resin on the outer surface of the 
substrate 9 and then expose the ultraviolet-curing resin to 
ultraviolet light in such a manner that speci?c regions of the 
ultraviolet-curing resin corresponding to a desired pattern 
are exposed to the ultraviolet light thereby producing a 
corresponding convex-and-concave structure Which serves 
as the micro-lenses 41. FIG. 5 illustrates such the structure. 
A similar structure may also be produced by pressing a plate 
having an adequate convex-and-concave structure on its 
surface against a resin disposed on the substrate 9. In this 
speci?c embodiment, partition Walls 51 are disposed in the 
substrate 9 so as to isolate the respective pixels from each 
other, thereby preventing interference With the light With 
different Wavelengths emitted by adjacent pixels. This 
makes it possible to obtain a display apparatus capable of 
displaying an image With high-purity colors. The isolation 
betWeen pixels may also be realiZed by forming a light 
blocking pattern having openings at locations corresponding 
to the respective pixels. Such the light blocking pattern may 
be formed by means of for example a thick-?lm printing 
technique. 

Embodiment 4 

In this speci?c embodiment, the micro lenses employed in 
the previous speci?c embodiment are replaced by particles 
by Which light is properly scattered. FIG. 7 is a cross 
sectional vieW illustrating the device structure of the present 
embodiment. 

In this speci?c embodiment, an ultraviolet-curing resin 
mixed With particles is coated on the outer surface of the 
negative electrode substrate 11, and then cured so as to form 
a particle-mixed layer 61 serving as a light scattering layer. 
When a voltage is applied betWeen the electrodes of the 

light emitting device of the present embodiment, light is 
emitted toWard the outside in a direction perpendicular to the 
negative electrode layer 10, and scattered by the particle 
mixed layer 5, thereby ensuring that the light can easily be 
seen even from oblique directions. Thus, it is possible to 
realiZe a display apparatus having a Wide vieW angle. 

In the speci?c examples 3 and 4 described above, the light 
emitting device is formed to have a structure Which can emit 
tWo different colors. HoWever, the light emitting device may 
also be formed in such a manner as to emit three different 
colors by forming three-level convex-and-concave structure 
and forming the active layer With a mixture of materials 
Which can emit three different colors or With a material 
having a broad light emission characteristic including Wave 
lengths corresponding to three desired colors. 

Furthermore, although the optical resonant cavity is 
formed betWeen the tWo electrodes in the above 
embodiments, the optical resonant cavity may also be real 
iZed by forming a re?ecting layer on the outside and 
properly controlling the thickness. 

Embodiment 5 

A line head having three stripe-shaped light emitting 
regions (corresponding to three colors) each including cir 
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cular pixels is presented in this embodiment. Since the light 
emitted by this line head is limited to a vertical direction, it 
is possible to form a eXposed dot on a silver salt ?lm so that 
the diameter of the eXposed dot becomes substantially equal 
to the diameter of the piXel. Thus, cells for focusing light 
onto a photosensitive layer are no longer necessary in this 
line head of the invention, as opposed to conventional types. 
In this line head, a great number of circular-form piXels are 
disposed along three lines. The line head 70 includes a 
conveX-and-concave substrate 4 having stripe-shaped steps 
corresponding to the three lines of piXels Which are formed 
in a manner similar to the previous embodiments so that 
three lines of dots can emit three different colors. A photo 
sensitive ?lm or the like is disposed in parallel to and 
adjacent to the light emitting surface. As shoWn in FIG. 7, 
the light emitted by the line head includes substantially only 
a vertical component. This makes it possible to form 
eXposed dots on a photosensitive layer such as a photosen 
sitive ?lm such that each dot exactly corresponds to each 
piXel of the line head, Without having to use focusing means. 
Thus it is possible to realiZe a high-speed and high 
resolution color eXposure apparatus. 

If partition Walls such as those employed in the embodi 
ment shoWn in FIG. 5 are formed in the line head of the 

present embodiment, the performance of the line head can be 
improved. 

In a modi?ed mode, the line head may also be realiZed in 
such a form in Which piXels disposed along one line so that 
the color varies periodically from piXel to piXel. 

Embodiment 6 

The light emitting device 70 of Embodiment 5 can be 
combined With a sensor 71 into an integral form so as to 

realiZe a sensor device as shoWn in FIG. 8. This sensor 

device may be employed in for eXample a loW-cost color 
scanner. In this sensor device, the light emitting device 70 
serves as illumination means. If desired, the light emitting 
device 70 may be disposed separately from the sensor 71. A 
non-single crystal semiconductor layer such as an amor 
phous silicon layer may preferably be employed to form 
long sensing portions on the sensor 71. 

As described above, the present invention provides a light 
emitting device Which can emit various colors Without 
having to use color ?lters or the like. The light emitting 
device of the invention can be produced by simple processes 
and thus can be mass-produced at a loW cost. 

The light emitting device may also be employed as a color 
back light combined With a liquid crystal layer serving as a 
transmission modulation device thereby realiZing a high 
ef?ciency color display having no color ?lters. 
What is claimed is: 
1. A light emitting device comprising: 
a ?rst substrate; 
a positive electrode layer formed on said ?rst substrate; 
a second substrate; 
a negative electrode layer formed on said second sub 

strate; and 
a resin layer disposed either betWeen said ?rst substrate 

and said positive electrode layer or betWeen said sec 
ond substrate and said negative electrode layer, 

Wherein the distance betWeen said positive and negative 
electrode layers varies from location to location so that 
plural colors of light can be emitted. 
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2. A light emitting device according to claim 1, Wherein 

a conveX-and-concave structure is formed on a surface of 

said resin layer. 
3. A light emitting device according to claim 1, Wherein 

said resin layer is a hardening resin. 
4. A light emitting device according to claim 3, Wherein 

said hardening resin is a photo-setting resin. 
5. A light emitting device according to claim 3, Wherein 

said hardening resin is a thermosetting resin. 
6. A light emitting device according to claim 1, Wherein 

said active layer includes a light emitting layer. 
7. A light emitting device according to claim 6, Wherein 

said light emitting layer includes at least either a hole 
injection layer or an electron injection layer. 

8. A light emitting device according to claim 6, Wherein 
said light emitting layer includes a phosphor. 

9. A light emitting device according to claim 6, Wherein 
said light emitting layer includes a ?uorescent layer includ 
ing a phosphor. 

10. A light emitting device according to claim 9, Wherein 
said ?uorescent layer is disposed betWeen a hole injection 
layer and an electron injection layer. 

11. A light emitting device according to claim 1, Wherein 
there is provided a dielectric layer formed either on said ?rst 
substrate or said second substrate. 

12. A light emitting device according to claim 1, Wherein 
light emitting regions in the form of stripes are disposed 
along lines, said distance being constant Within each said 
light emitting region. 

13. A light emitting device according to claim 1, Wherein 
said ?rst substrate or said second substrate is transparent to 
light. 

14. A light emitting device according to claim 1, Wherein 
said ?rst substrate or said second substrate includes regions 
Whose refractive indeX varies in response to said light 
emitting regions. 

15. A light emitting device according to claim 1, Wherein 
lenses are disposed on either said ?rst substrate or said 

second substrate, at locations corresponding to said light 
emitting regions. 

16. A light emitting device according to claim 1, Wherein 
a light blocking layer is disposed on either said ?rst substrate 
or said second substrate, said light blocking layer having 
openings at locations corresponding to said light emitting 
regions. 

17. A light emitting device according to claim 1, Wherein 
either said ?rst substrate or said second substrate includes 
light-blocking partition Walls disposed at locations betWeen 
said light emitting regions. 

18. A light emitting device according to claim 1, Wherein 
a light scattering layer is disposed on either said ?rst 
substrate or said second substrate. 

19. Alight emitting device according to claim 18, Wherein 
said light scattering layer includes particles. 

20. An electric device provided With a light emitting 
device according to claim 1. 

21. An electric device according to claim 20, further 
including liquid crystal shutters disposed on said light 
emitting device, Wherein said liquid crystal shutters are 
disposed at locations corresponding to light emitting 
regions. 
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22. An electric device according to claim 20, further 
including an optical system for directing the light emitted by 
said light emitting device onto a displaying member. 

23. An electric device according to claim 20, Wherein said 
electric device is a sensor device. 

24. A light emitting device according to claim 1, further 
including a spacer disposed betWeen said positive electrode 
layer and said negative electrode layer. 

25. An electric device according to claim 23, Wherein said 
sensor device includes a sensor element disposed adjacent to 

said light emitting device. 

26. An electric device according to claim 25, Wherein said 
sensor device is formed into a line shape along Which light 
emitting regions are disposed. 

27. An electric device according to claim 20, Wherein said 
electric device is an exposure device. 

10 
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28. A light emitting device comprising: 
a positive electrode substrate; 
a negative electrode substrate; 
an organic light emitting layer disposed betWeen said 

positive electrode substrate and said negative electrode 
substrate; and 

plural micro-lenses. 
29. Alight emitting device according to claim 28, Wherein 

said plural micro-lenses are disposed corresponding to plural 
pixels. 

30. A light emitting device according to claim 29, further 
comprising plural partition Walls to isolate said plural piXels 
respectively. 

31. Alight emitting device according to claim 28, Wherein 
said plural micro-lenses are disposed on said negative elec 
trode substrate. 
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Line 28, "diode." should be deleted. 
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Lines 1 to 9 should be deleted; 
Line 32, "emitting method" should read 
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In the light emitting device according to the 
present invention, as shown in Fig. l, a dielectric 
layer 5 is preferably disposed between the positive 
electrode layer 6 and the glass substrate 4. The 
dielectric layer can be formed to have a multilayer 
structure consisting of layers with different refractive 
indices such as a combination of SiO2 and SiO so that the 
dielectric layer has high (or low) reflectance and/or 
transmittance at specific wavelengths . Or simply, a 
half mirror may also be employed to achieve a desired 
reflectance. 
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An example of a production sequence of the light 
emitting device according to the present invention will 
be described below with reference to Fig. 2 . 

A) Production of a convex-and-concave mold 1 (Fig. 
2(a) ) . First, a quartz glass plate serving as a mold 
material is cleaned. A silane coupling agent is then 
coated on the surface of the quartz glass plate, and a 
photoresist material is further coated thereon. The 
photoresist material may be either of a liquid type or a 
dry type formed into a sheet or film. When a dry film 
photoresist is employed, it is bonded to the quartz 
glass plate, as opposed to the liquid photoresist, which 
can be deposited by means of coating. In the case where 
a liquid photoresist is employed, it can be coated on by 
means of spraying, coating, or spinning. In particular, 
the spinning technique can provide good uniformity in 
thickness of the coated photoresist, which is highly 
desirable in the present invention. On the other hand, 
a dry photoresist can preferably be bonded to the 
surface of the glass plate by means of applying pressure 
or by means of applying both pressure and heat. If 
required, pre-baking is performed after forming the 
photoresist layer. Then the photoresist is exposed to 
light and developed so as to form a desired pattern in 
the photoresist. Post-baking is performed as required 
to improve resistance to etching process . The exposed 
area of the glass plate is then etched to a desired 
depth. The amount (depth) of etching can be controlled 
by controlling the etching time. After the etching, the 
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photoresist is removed. If desired, the etching depth 
is measured to check whether the etching has been 
performed by the desired amount. The above processes 
including vthe application of a photoresist, exposure, 
development, etching, and resist removal are repeated a 
plurality of times corresponding to the desired number 
of levels of the multilevel pattern to be formed on the 
glass substrate. In this way, a desired convex-and 
concave structure is formed on the surface of the glass 
plate and thus’ a complete convex-and-concave mold is 
obtained. The method--; and 
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